Cytoplasmic displacement of cyclin E-cdk2 inhibitors p21Cip1 and p27Kip1 in anchorage-independent cells.
Loss of attachment to an extracellular matrix substrate arrests the growth of untransformed cells in the G1 phase. This anchorage-dependent cell cycle arrest is linked to increased expression of the p21Cip1 (p21) and p27Kip1 (p27) cyclin-dependent kinase inhibitors. The result is a loss of cdk2-associated kinase activity, especially that of cyclin E-cdk2. The levels of p21 and p27 are also upregulated in unattached transformed cells, but cyclin E-cdk2 activity remains high, and the cells are able to grow in an anchorage-independent manner. Increased expression of cyclin E and cdk2 appears to be partially responsible for the maintenance of cyclin E-cdk2 activity in transformed cells. To explore further the regulation of cyclin E-cdk2 in transformed cells, we have analysed the subcellular distribution of cyclin-cdk complexes and their inhibitors in normal human fibroblasts, their transformed counterparts, and in various human tumor cell lines. In substrate-attached normal fibroblasts, cyclin E and cdk2 were exclusively in the nuclear fraction, associated with one another. When normal fibroblasts were detached and held in suspension, cyclin E-cdk2 complexes remained nuclear, but were now found associated with the p21 and p27 cdk inhibitors and lacked histone H1 phosphorylating activity. In contrast, the transformed fibroblasts and tumor cells, which are anchorage-independent, had more than half of their cyclin E, cdk2, p21 and p27 in the cytoplasmic fraction, both in attached and suspended cultures. The cytoplasmic p21 and p27 were bound to cyclin E-cdk2, as well as to complexes containing cyclin A and cyclin D. The nuclear cyclin E-cdk2 complexes from the transformed cells grown in suspension contained only low levels of p21 and p27 and had histone H1 kinase activity. Thus, at least three mechanisms contribute to keeping cyclin E-cdk2 complexes active in suspended anchorage-independent cells: cyclin E and cdk2 are upregulated, as reported previously, cdk inhibitors are sequestered away from the nucleus by cytoplasmic cyclin-cdk complexes, and the binding of the inhibitors to nuclear cyclin E-cdk2 complexes is impaired.